Purpose: The purpose of this study was to examine alexithymia among restless legs syndrome (RLS) patients, compare with healthy controls, and argue the clinical inferences of this relationship. We searched for anxiety and depression and their clinical outcomes among patients and searched whether the results are similar to previous studies. Patients and methods: Eighty-seven RLS patients and 88 age, gender, and educationally matched healthy controls were assessed in Bezmialem Foundation University Hospital. RLS patients and healthy controls were assessed with the Sociodemographic Data Form constructed for the present study, 20-item Toronto Alexithymia Scale (TAS-20), Beck Depression Inventory (BDI), and Beck Anxiety Scale (BAS). The patient group was also assessed with the International Restless Legs Syndrome Study Group (IRLSSG) RLS Severity Scale. Results: RLS patients were found to have greater TAS-20, BDI, and BAS scores compared with the control group (P , 0.05). RLS severity score was positively correlated with the scores of anxiety and depression scales. However, no significant relationship was found between scores of IRLSSG RLS scale and TAS-20 total and subscale scores. Conclusion: RLS patients were found to be more alexithymic than healthy controls, whereas no significant relationship was found between RLS severity and levels of alexithymia. Still, alexithymia might be a predictor for early diagnosis and may be considered in the treatment and follow-up of RLS. RLS patients have higher depression and anxiety scores than healthy individuals. Thus, depression and anxiety should be taken into consideration throughout the RLS treatment.
Introduction
Restless legs syndrome (RLS) is classified under the title of "Sleep Related Movement Disorders" in the International Classification of Sleep Disorders, third edition (ICSD-3) produced by the American Academy of Sleep Medicine (updated in 2014). 1 It is also known as a neurologic sensorimotor disorder.
2 RLS is sometimes misdiagnosed or even unrecognized. Besides the discomforting conditions in the legs, which are the main symptoms, it can manifest frequently with insomnia, fatigue, pain, and depressive complaints. 3, 4 Although the pathophysiology of RLS is not fully understood, it has been reported that it may be related to impairments in dopamine metabolism. 5, 6 It is known that psychiatric disorders are common among RLS patients. It seems that there has been a recent increase in interest in this area. Studies have reported that depression and anxiety symptoms are more common in RLS patients than in healthy volunteers. [7] [8] [9] [10] RLS and depression may lead to the formation of each other, and one of the mechanisms thought to be involved in pathophysiology of both is the decrease in central dopaminergic activity. 5, 6 There are growing numbers of studies reporting an association between RLS and anxiety symptoms. Chronic stress and depressive symptoms are associated with structural brain changes and impaired neuroplasticity. Some authors referred to specific neurobiological characteristics, which in turn lead to impaired neuroplasticity, for possible etiology of RLS. 11 However, the number of studies investigating the relationship between the severity of RLS and the effect of RLS treatment on depression and anxiety symptoms is limited. 8 The word alexithymia was suggested by Sifneos 12 from the Greek (a = lack, lexis = work, thymos = mood or emotion). Alexithymic individuals have difficulty in identifying their emotions, expressing them, and manifesting them by linking emotions and thoughts. 12 The etiology of alexithymia is still controversial. 13 To this end, studies focusing on childhood traumatic events and developmental and neurobiological factors continue. 14, 15 It has been suggested that alexithymic individuals have difficulty in discriminating between their emotions and their physical feelings resulting from physiological stimulation. 16 For this reason, it might make sense that they are sensitive to psychosomatic diseases. Alexithymia is not a condition that is only seen in organic, psychiatric, or psychosomatic diseases. Alexithymic features may also be seen in general population. 17, 18 Various studies reported the prevalence of alexithymia (20-item Toronto Alexithymia Scale total score, $61) to be between 12% and 18%. There has not been a consensus on gender difference for alexithymia. 19, 20 Low self-directedness (SD), low reward dependence (RD), and a minor degree harm avoidance (HA) were found to be independent predictors of alexithymia. 21 In this trial, we aimed to investigate alexithymia and levels of depression and anxiety among RLS patients and compare them with healthy controls. To the best of our knowledge, a study investigating the relationship between RLS severity and alexithymia levels has not been performed previously. We also aimed to investigate this relationship in our study since the association of psychosomatic diseases as well as the deterioration of the dopaminergic response were suggested in both cases.
Patients and methods
This is a cross-sectional study performed at Department of Psychiatry and Department of Neurology of Bezmialem Foundation University. The study protocol was approved by Bezmialem Foundation University Ethics Committee for Non-Interventional Studies (approval date: October 2, 2017; approval number: 2017-10-04).
Subjects
Ninety-two patients diagnosed with RLS were selected for the study, 87 of whom completed the whole protocol. Two subjects from the patient group were excluded from the study because of accompanying conditions: one subject was found to be pregnant at the time of initial assessment and the other subject was diagnosed with chronic renal failure. Three subjects were not included in the study because they did not return after taking the tests. Education information of two subjects (2.3%) and marital status of one subject (1.1%) in the patient group were missing. One subject from the patient group (1.1%) did not fill the TAS-20 completely, and we were unable to reach her. Consequently, 87 patients who were diagnosed with RLS according to the diagnostic criteria of the International Restless Legs Syndrome Study Group (IRLSSG) and 88 healthy controls who were matched for age, education, and gender were included in the study. Individuals aged 18 years or older were selected for the study. Patients with RLS symptoms who had comorbid conditions such as pregnancy, breastfeeding, renal failure, iron deficiency anemia, and endocrine disorders were not 
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alexithymia among patients with restless legs syndrome included in the study, to avoid secondary RLS. Patients who had been on antidepressant, anxiolytic, sedative, hypnotic and other psychiatric medication in the last two weeks before the evaluation date for the study were also not included because of the reciprocal effects of anxiety, depression, and RLS. While alcohol and tobacco usage were not conditions necessitating exclusion, individuals who developed either alcohol or tobacco dependency were not included.
The control group consisted of 88 individuals selected from healthy volunteers within the Bezmialem Foundation University employees and their family members. The authors and their family members were not included to avoid an unfavorable situation concerning ethics. After making necessary explanations about the study, subjects who accepted to participate have signed voluntary informed consent forms.
The Sociodemographic Data Form constructed for the study and Turkish versions of the TAS-20, the Beck Depression Inventory (BDI), and the Beck Anxiety Scale (BAS) were administered to both patient group and control subjects. Patient group also received the Turkish version of IRSSSG's RLS severity scale.
irlssg rls severity scale IRLSSG RLS Severity Scale, developed by IRLSSG, is a self-report scale consisting of 10 questions, in which typical and frequent symptoms of the syndrome are graded between 0 and 4 points according to the severity of the disease within the last week before the test date. A total score of 0-10 is considered mild, 11-20 is moderate, 21-30 is severe, and 31-40 is very severe RLS. 22 
Tas-20
It is a Likert-type self-report scale. Each item is scored between 1 and 5. Some items are scored in reverse order. There are three subscales as follows: Difficulty in Identifying Feelings (TAS-1), Difficulty in Describing Feelings (TAS-2), and Externally Oriented Thinking (TAS-3). It is considered that the higher the total score, the more the alexithymic level. The scale was developed by Bagby et al 23 and its Turkish adaptation was performed by Güleç et al. 24 The TAS-20 total scores were categorized according to the cutoff points: a total score of $61 points indicates alexithymia and #51 points indicates no alexithymia.
BDi
It is a self-report scale that evaluates emotional, cognitive, motivational, and somatic expressions frequently encountered in depression. It was developed by Aaron T. Beck. 25 Each item measures the severity of a depression symptom, from mild to severe. While the least severity is graded with 0 point, the most severe condition of the symptom is rated with three points. It contains a total of 21 symptoms. The total score is between 0 and 63. Turkish validity and reliability study was carried out by Hisli.
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Bas
It is a self-report scale based on the severity of anxiety symptoms. It was developed by Beck et al. 27 It is a Likerttype scale consisting of 21 items, and each item is scored between 0 and 3. Turkish validity and reliability study were performed by Ulusoy et al. 28 
Data analysis
Statistical evaluation of data was done with SPSS Statistics, version 24 (IBM Corporation, Armonk, NY, USA). All numerical variables were expressed as mean ± SD, while categorical variables were expressed with frequency and possibility tables.
Independent sample t-test (Student t-test) was used for comparison of numerical data, and chi-square test was used for comparison of categorical variables. Pearson correlation test was applied to investigate the correlation between numerical data. Partial correlation analysis was done to investigate the correlation between certain variables. P-value ,0.05 was considered as statistically significant in all statistical analyses.
Results
Primary RLS is reported to be more common among women than men. 2 Our sample was compatible with that, while the number of male patients (n = 18, 20.7%) was significantly lower than the number of female patients (n = 69, 79.3%). Missing data insertion was not performed in SPSS because they were under 5%, thus, not considered to be large enough to effect statistical analyses.
All of the selected 88 control subjects completed the study protocol.
There was no statistically significant difference between the mean age, education levels, and marital status of the patients and the control group. Profiles of alcohol drinking and tobacco smoking did not differ between the groups (Table 1) .
The TAS-1, TAS-2, TAS-3, TAS-total, BDI, and BAS scores of the patients were compared with the scores of the control group (Table 2) . The mean of the TAS total score and all subscale scores were significantly higher in the patient group than in the control group (P , 0.01).
Individuals who had a total TAS-20 score of $61 are regarded as alexithymics. Thus, apart from comparison of TAS-20 scores, we compared patient and control groups with respect to the presence of alexithymia. Nineteen patients (22.1% of 86 patients, one patient did not fill in the TAS-20 form completely) and seven controls (7.9% of 88 control samples) were found to be alexithymic. Chi-square test indicated a significant difference between groups (P , 0.01; Table 2 ).
In comparison of the scores obtained from the BDI in two groups, the mean score of the scale was significantly higher in the patient group than in the control group (P , 0.01). Likewise, the mean score of the BAS was significantly higher in the patient group than in the control group (P , 0.01). The BDI has both an affective/cognitive and a somatic subscale. Considering RLS is a neuropsychiatric syndrome associated with psychosomatic symptoms, we also examined both subscale scores. Results were same as reported for total BDI (P , 0.01). Based on the information that a BDI score of $17 indicates the presence of depression, we investigated the prevalence of depressed subjects among each group. Twenty-nine of 87 patients (33.3%) and 10 of 88 controls (11.4%) were determined to be depressive. Chi-square test indicated a significant difference between groups (P , 0.01; Table 2 ).
We searched whether there was a relationship between RLS severity score and TAS-total, TAS-1, TAS-2, TAS-3, BDI, and BAS scores in the patient group (Table 3) . No statistically significant relationship was found between the RLS severity score and TAS-1, TAS-2, TAS-3, and TAS total scores of patients. Positive correlations were found between RLS severity score and BDI and BAS scores (P , 0.01 for BDI and P , 0.043 for BAS). As it is seen, the positive correlation between the RLS severity score and the BDI score is more significant than the positive correlation between RLS and BAS scores.
Other notable findings are that BDI and BAS scores were positively correlated with TAS-1, TAS-2, and TAS-total scores, while no statistically significant relationship was found with TAS-3 scores. Besides, TAS-1 and TAS-3 scores were also not found to be correlated significantly.
Discussion
The main result of the current study was that alexithymia scores in RLS patients were higher than healthy volunteers. Similar to previous studies, anxiety and depression scores of patients were also shown to be higher.
It is known that psychiatric disorders are common among RLS patients. The first study to mention the comorbidity of psychiatric disorders in these patients was published in 1965. In this study, depression scores of RLS patients were found to be higher than that of the general population. 29 In a study evaluating the elderly patient population, it was found that the incidence of depression was higher for those with RLS, and mental health scores calculated with the 36-item short form were lower. 30 One study reported that RLS patients had higher depression and anxiety scores than healthy controls and that electroencephalography changes were similar to patients who have major depression. 31 Apart from the dopaminergic mechanism in the etiology of RLS, glutamatergic, serotonergic, and opioid neurotransmitter mechanisms were also argued to be impaired. [32] [33] [34] The association among impaired neurogenesis, neurotrophic factors, and stress-related conditions are of particular interest. In a trial regarding this, the authors argued specific neurobiological characteristics such as glutamatergic, serotonergic, and opioid neurotransmitter impairments, which in turn may be associated with impairments of neuroplasticity mechanisms, as a possible etiology of RLS. 35 Sympathetic overactivity is also associated with RLS as manifested by increased pulse rate and blood pressure. 36 Also, notable relationships were reported among RLS, hypertension (HT), heart diseases, and stroke. 37 Thirty-nine patients (44.8%) were diagnosed with HT, while 14 (16.1%) had cardiac diseases. Both groups were on regular medication. The odds ratio (OR) for the association of HT with RLS was 1.29 (95% CI, 1.12-1.64; P , 0.001) and for the association of heart disease with RLS was 1.45 (95% CI, 1.09-1.93; P , 0.05).
The number of studies investigating the relationship between RLS and anxiety disorders has also increased in recent years. In one study, RLS was shown to be associated with major depressive disorder and panic disorder. 38 In another study, psychiatric disorders such as major depressive disorder, panic disorder, and posttraumatic stress disorder, diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV) criteria, were found to be associated with RLS. 39 In the study performed by Sevim et al, 8 it was found that the severity of RLS is directly related to depression and anxiety scores. Severely affected RLS patients were reported to show psychological impairment in multiple psychological domains, which has to be taken into account in the treatment regimen. Serious side effects of the dopaminergic first-line treatment were proclaimed to be accompanied with the highest psychological distress, as seen particularly in the normative values of the compulsivity and anxiety subscales of Symptom Checklist-90-Revised. 40 One of the most important findings of our work is increased alexithymia scores among patients. To the best of our knowledge, no previous study was carried out on alexithymic characteristics in RLS patients. It is suggested that the right prefrontal cortex is the cortical center of unconscious because of its role in nonverbal communication, stress management, and mood regulation. 41 According to some researchers, in individuals with traumatic events in early life, the development of the right prefrontal cortex may be suppressed in order to maintain a state of mental equilibrium, which may lead to impaired mood regulation. This may cause increased sympathetic activity and impaired dopaminergic and glutamatergic systems. 42 Postmortem studies have demonstrated dopaminergic projections in both the anterior cingulate cortex (ACC) and the anterior insular cortex (AIC; both are located in the prefrontal cortex) and the presence of dopamine type-2 receptors (D2 receptors) in both regions. 43, 44 The association of alexithymia and dopaminergic dysfunction may be more pronounced when taken together with studies that show a high level of alexithymia in neurological disorders associated with dopaminergic dysfunction such as Parkinson's disease. 45 In a study investigating alexithymia measured by TAS-20, D2 receptor binding potency of ACC and AIC in healthy volunteers was reported to be positively correlated with the TAS-20 total score. 46 The relationship between RLS and impairment of dopaminergic neurotransmitter system have been mentioned above. 3, 4 Long-term treatment of RLS with dopamine D2/D3 receptor agonists is reported to lead to augmentation; moreover, alterations in Table 3 
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Yilmaz et al direct and indirect interactions between D1 and D3 receptors were argued to be involved. 47 Dorsolateral prefrontal cortex (DLPFC), basal ganglia, and associated dopaminergic networks were assessed among RLS patients. Late-onset RLS is reported to be associated with low iron content of the basal ganglia and increased activity of the DLPFC. 48 Early-onset RLS is associated with increased iron content of the globus pallidus internal and substantia nigra, suggesting dysfunction of the basal ganglia. Activation of the striatofrontolimbic area may represent the neurofunctional substrate mediating the repetitive compulsive movements seen in RLS. 49 Psychosomatic symptoms often go along with RLS. 50 Alexithymic patients are also susceptible to psychosomatic disorders. Hence, the relationship between alexithymia and various psychosomatic diseases has recently became noticeable. In a study comparing irritable bowel syndrome (IBS) patients with healthy volunteers, IBS patients were more likely to have alexithymia. 51 In another study, it was reported that there is an association between alopecia areata and alexithymia. 52 A study comparing psoriasis patients with patients suffering from skin diseases with no psychosomatic background revealed that alexithymic features were more common in psoriasis patients. 53 On the basis of these previous and our current findings, we may suggest that greater scores of alexithymia among RLS patients in our study is presumably due to concomitant impaired dopaminergic function, frequent association with psychosomatic disorders, and frequent association with depression and anxiety in both situations.
The current study also aimed to examine the relationship between RLS severity and alexithymia scores among patients. In this respect, as far as we know, it is the first study in that field. There are studies reporting that cortical D2 receptor density is decreasing as age progresses. 54 Partial correlation analysis we carried out in our study revealed that alexithymia and RLS association was not affected by age. Certain studies reported that the density of cortical D2 receptors varies according to gender. 55 Although the number of male patients in our study was significantly lower than the number of female patients, we found that the relationship between alexithymia and RLS was not affected by age.
There was a positive correlation between the severity of RLS and depression and anxiety scores in the patients, but no significant correlation was found between RLS severity and alexithymia scores. We could not explain this finding directly. Even so, we can speculate that this finding is because of the excess number of factors affecting the severity of RLS and the role of other neurotransmitters except dopamine. Impairment of dopaminergic activity is the main pathogenesis involved in primary RLS. However, dopaminergic impairment is not accepted to be the main pathogenesis in alexithymia. Most importantly, alexithymia is generally accepted to be a personality trait rather than a disorder. Thus, we may speculate that alexithymic individuals have more tendency to get anxiety, depression, and probably RLS, although treatment or severity of RLS might have only a mild effect on scores of alexithymia. 56 There are some limitations of the study. One is that we did not get information about the menopausal status of female patients. After the study was completed, we also failed to reach the correct data regarding menopausal status of most of our female subjects. However, researchers reported elevated symptomatology of RLS during menopause. 57, 58 We did not measure dopamine levels biochemically, which might be considered as a limitation since we argued that impairment of dopamine metabolism was common among both RLS and alexithymia. A further limitation is that, while the total score of the TAS-20 and the first two subscale scores had a positive correlation with the BDI and the BAS scores, there was no positive correlation with the Externally Oriented Thinking (TAS-3) subscale scores, a finding that we cannot explain clearly. Also it was an unexpected finding that there was no significant relationship between TAS-3 and TAS-1 scores. Some recent studies already reported conflicting results about TAS-3 subscale to the extent that alexithymia can be reliably assessed in adolescents using the TAS-20 without some items rating the Externally Oriented Thinking (TAS-3) dimension. 59, 60 This information may indicate that there is a need for further studies to examine TAS-3 subscale in more detail.
Conclusion
We suggest that, alexithymia might be a predictor for early diagnosis of RLS. It may be considered in treatment and follow-up of RLS and maybe other neuropsychiatric and psychosomatic disorders. Thus, it might be necessary to investigate the relationship between RLS and alexithymia in further advanced studies, preferably in the light of neuroimaging methods, and neurobiological mechanisms concerning neurotransmitters and the concept of neuroplasticity. Depression and anxiety symptoms should also be taken into consideration throughout RLS treatment and follow-up period.
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